
Acid Deposition 
 
1. What is Acid Deposition (or Acid Rain)?  
2. What factors may influence acid deposition? 
3. What Are the Impacts of Acid Deposition? 
 One cause of forest dieback.  
 Loss of base cations (Ca2+, Mg2+) and other soil nutrients  
 Acidifying lakes and other ecosystems 
 
4. Trend of Acid Deposition in the US 
5. Policies for Reducing Acid Deposition  
 
 



What is acid deposition or acid rain? 
 
Acid rain or acid deposition is caused by sulfur compounds and 
NOx in the atmosphere (The final forms are: SO2, SO3, and NO2. 
They become acids when react with rain water in the air). 
 
Although NOx is definitely involved in forming acid rain, sulfur 
has long been identified as the most important element 
contributing to the acid rain problem because virtually  
all sulfur emissions to the atmosphere are oxidized into either 
SO2 or SO3 which become acids when dissolved in rain water. 
 





Chemistry of Acid Rain 
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Chemistry of Acid Rain (Al) 
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What other factors may influence acid 
deposition in addition to sulfate and nitrate?  

 
A.  Particulates in the air (containing alkaline cations such 

as Ca2+, Mg2+, etc.) may be able to neutralize acids in 
the rain.  
 

B.  Climate (wind, rain, snow etc.) and the residence time 
of any acid-forming gases are the main determinants of 
the distance of transport from the sources of emissions 
to the actual location of deposition.  

 



Rain pH = 4.7 











What Are the Impacts of Acid Deposition? 
  
 One cause of forest dieback.  
 Loss of base cations (Ca2+, Mg2+) and other soil nutrients  
 Acidifying lakes and other ecosystems 



Source: Westfäliches Amt fur Denkmalpflege 



Source: David Smith, Doane College 



The above photograph is a view of dying conifers in Germany.  
(Smil 1997, page 162). Acid rain has been the number one suspect.  



Source: USFS 



Acid rain may acidify lakes and other ecosystems, which can cause big 
changes of biological communities if the amount of acid deposition 
overpass the lake's neutralizing capacity.  



Trend of Acid Deposition in the US 



Source: US EPA 



Source: US EPA 









Acid Rain Control: Success on the Cheap (by Richard A. Kerr).  In the United States, 
a flexible, free-market approach has helped to reduce SO2 emissions at a bargain 
price. (Science, 1998.  Vol 282: 1024) 



Source: Likens, Hubbard Brook 



Policies for Reducing Acid Deposition 



Source: http://www.ec.gc.ca/acidrain/acidfact.html 

SO2 Emissions from Canada and the United States in 1998  

17.7 million tons  

2.7 million tons  



NOx Emissions from Canada and the United States in 1998  

Source: http://www.ec.gc.ca/acidrain/acidfact.html 

2.1 million tons  

23.7 million tons 



Graphic by Stephen Greb  



Scrubbing accounts for approximately 37% of the abatement in 2001 
 and virtually all of this abatement (1,993,000 tons) comes from new  
scrubbers installed on 30 Phase I units as a result of Title IV. These 
 thirty units, located primarily in the Midwest and constituting 3% of  
the generating capacity and 4% of the 2001 heat input at Title IV  
units, accounted for 32% of total abatement. The remaining  
reductions attributed to scrubbing are reductions in excess of the  
percentage reduction required of scrubbers under non-Title IV  
regulation, which is typically 70% to 90%. Switching to lower sulfur 
 fuels occurred almost exclusively (99.9%) at coal-fired units and it  
consisted entirely of switching to lower sulfur coals.  

Source: Ellerman, D, 2003 
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